Fatty acid amides like erucamide are mainly used for lubrication and as slip agent to decrease friction in polymer and plastic industry. Erucamide is normally synthesized by ammonolysis of triglycerides or fatty acids at 200 and at high pressure (345-690 kPa.). However using urea in place of ammonia the economic synthesis of erucamide is possible at atmospheric pressure at approx 190 . In present investigation, the kinetics of synthesis of erucamide by ammonolysis of erucic acid has been investigated. The optimum conditions for the synthesis of erucamide have also been determined. 1:4 molar ratio of erucic acid to urea, 190 temperature and catalyst [P 2 O 5 with (NH 4 ) 2 H PO 4 , {(1:1) w/w }] concentration 3% (by wt. of erucic acid) were the optimum condition for synthesis of erucamide from erucic acid and can obtain a maximum yield of 92% of pure erucamide. Some other catalysts as titanium-iso -propoxide, phosphorus pent oxide were also tried but these catalysts were not economical.
INTRODUCTION
Fatty-acid amides are produced through the reaction of fatty acids and ammonia with elimination of water. Fatty acid amides are useful because of their lubricating and surfactant properties. Fatty acid amides are semi-commodities, produced in thousands of metric tons every year from fatty acids by reaction with anhydrous ammonia at 200 and 345-690 kPa 1) . The market for refined fattyacid amides is dominated by unsaturated fatty amides such as oleamide (cis-9-octadcenamide) and erucamide (cis-13-docosenamide) from erucic acid, which are used as lubricants in plastic industry 2) . Erucamide has, to a great extent, replaced the use of oleamide because of its higher melting point and higher thermal stability 3) .
Erucamide (C 22 H4 3 NO; M.W: 337), is used in printing ink and dyes as a dispersing agent and improve lubrication, making of high speed printing inks, magnetic ink, typing ribbons, carbon papers, metal decoration etc. The low vapour pressure and volatility of erucamide makes it suitable for applications where high-temperature processing is utilized. Erucamide along with ethylene-acrylate copolymer for hybrar (styrene based thermo plastic elastomer) is used in manufacturing clothing material with good crease, scratch resistant, and excellent softness, and low noise on bending. Erucamide can also be used as a foam stabilizer and as an antiseptic agent in sulfonated detergents 4, 5) . Adding erucamide in anti-friction coatings for photography and sensitive materials can enhance the properties of the material. Erucamide is generally considered to impart moderate anti-blocking properties of films and, as such, it reduces the phenomenon of blocking which is the tendency of adjacent layers of film to adhere together causing an impediment of easy separation 6) .The chemical stability of erucamide also translates better oxidative stability, and colour formation during product storage 2, 6) .
Erucic acid is monounsaturated acid having melting point 33-34 and boiling point 169-170 at 1 mm pressure 6) . Erucic acid occurs in seeds in the form of glycerides. The chief source of erucic acid is rapeseed mustard (Rap-Mus). Erucamide is generally prepared by ammonolysis of erucic acid with ammonia at 200 and high pressure (125-150 psi) 7) . However, it has been observed that erucamide can be synthesized by ammonolysis of erucic acid with urea at atmospheric pressure and at temperature below 200 . Therefore, in present communication the results of synthesis using urea, optimal synthesis condi-tions, and reaction kinetics are reported.
EXPERIMENTAL

1
All the chemicals used for synthesis and analysis; urea (melting point: 132.5 ), chloroform, n-hexane, ethanol and acetonitrile, were of analytical grade and obtained from Qualigens Chemicals Ltd. Mumbai, India. Erucic acid was obtained from VVF Pvt. Ltd., Mumbai, India. Erucic acid was analyzed as per "AOCS Methods" 8) . The acid value, saponification value, iodine value and melting point of erucic acid were obtained as 164.0, 163.50, 74.7 and 33.5 , respectively. The term acid value, saponification value and iodine value can be define as -Acid Value: The number of mg of KOH required to neutralize the free acid present in 1 g of oil.
Saponification Value: The number of mg of KOH required to saponify completely 1 g of oil or fat.
Iodine Value: Iodine value is the number of g of iodine absorbed in 1 g of oil.
2
The synthesis of erucamide was performed in a three necked round bottom flask (500 mL), whose centre neck was equipped with stirrer and to one of the side neck was attached a multiple for fitting condenser and thermometer pocket, and to the other neck a nitrogen inlet tube. Molecular sieves (3% on weight of erucic acid) were also added for absorbing the water formed in the reaction. The flask was heated using thermostatically controlled oil bath. Requisite quantities of erucic acid and urea were charged the reaction flask and the desired percentages of catalyst used was a mixture of di-ammonium-hydrogen-ortho-phosphate and phosphorus pentoxide (50/50 % w/w), the contents were heated at desired temperature 1 and continuously stirred by the mechanical stirrer. The reaction was allowed to proceed for 3 h. During the course of reaction samples were withdrawn at different time intervals and the acid value was checked. The reaction was continued untill the desired acid value was obtained. Finally, the product from the reaction was subjected to solvent extraction with chloroform followed by purification with n-hexane, ethanol and acitonitrile.
IDENTIFICATION OF PRODUCT (ERUCAMIDE)
The composition of the erucamide was confirmed by FTIR spectra and 1 H NMR, 13 C NMR spectra. FTIR spectra were recorded with KBr pellet, 1 H NMR; 13 C NMR spectra were recorded in CDCl 3 with TMS as internal standard using VXR-400S spectrometer. 
4
The identification of erucamide was confirmed by the presence of characteristic band combination of -NH 2 , -C=O, -CH 2 , -C=C groups in their spectra. A band corresponding to C=C appear at 1648 cm -1 . A broad band near 3312, 2841 and 1695 cm -1 showed the presence of -NH 2 group, methyl group and C=O linkages in the product. The IR spectra of prepared sample were also match with standard spectra of erucamide.
KINETIC STUDIES
The kinetics of the synthesis was followed by withdrawing the sample from the reaction mixture at regular time intervals and determining the acid value of fatty acid in the reaction mixture. It was observed that at lower concentration of urea i.e. when molar ratio of [Fatty acid]: [Urea] was 1:1, the plot of 1/ (Acid value) versus time ( ) was linear with a positive slope. However, at higher concentrations of urea i.e. under the condition of [Urea] >> [Fatty acid], a plot of log (Acid value) versus time was linear with a negative slope up to 80-90 % of the reaction ( ). These results suggests, (i) overall a second order reaction (ii) a pseudo-first-order dependence of rate with respect to fatty acid under the pseudo-condition i.e. when [Urea] >> [Fatty acid]. The pseudo-first-order rate constants in fatty acid (k obs ) at different initial concentrations of catalyst, temperature etc. have been evaluated from the slope of the straight lines plotted between log (Acid value) and time at 1:4 molar ratio of [Fatty acid]: [Urea] .The observed rate constant (k obs ) was reproducible within 5% in replicate kinetic run.
It was also observed that maximum conversion of acid to amide was obtained in 180 minute. After 180 min. there was no appreciable change in the acid-value suggesting that almost all conversion of acid to amide has taken place in 180 min and after 180 min further increase in the yield of the product was negligible.
Erucamide was synthesized by taking different molar ratio of erucic acid and urea and the values of pseudo-firstorder rate constant (k obs ) have been determined and given Erucamide Synthesis Using Fatty Acid and Urea in form of a plot of (k obs ) versus molar ratio (i.e. [Fatty acid]:
[Urea] ) ( ). It is observed from the that on increasing the concentration of urea, the k obs increases linear by up to a 1:4 molar ratio of [Fatty acid]: [Urea] . Thereafter a further increase in molar ratio did not affect the k obs . These results clearly indicates a first order dependence of rate of synthesis with respect to urea at lower concentration of urea and 1:4 optimum molar ratio of erucic acid and urea.
The effect of temperature on the rate of synthesis has been studied by carrying out the synthesis at different temperature i.e. 150-190 keeping optimum molar ratio (i.e. 1:4) of erucic acid and urea. The values of k obs at various temperatures are given in . The energy of activation for the reaction has also been evaluated from the slope of the Arrhenius plot (i.e. a plot of log (k obs ) versus (1/T) and was found to be 32.53 1.0 KJ mol -1 .
The effect of a catalyst i.e. di-ammonium hydrogen ortho phosphate + phosphorus pent oxide (1:1) on the rate of reaction has been studied by carrying out the synthesis at 190 in presence of different percentage of the catalyst keeping the optimum conditions of molar ratio of erucic acid and urea at 1:4. The results are reported in the form of a plot of (k obs ) versus (% of catalyst) i.e. ( ). It is observed from the plot that rate of synthesis increases on increasing catalyst up to 4.0 % beyond which there was no further increase in the rate of synthesis and the yield of the product. The yield of product in presence of different % amount of the catalyst was also obtained with these conditions and given in .
REACTION MECHANISM
Urea is weakly basic and in presence of acid forms cation by accepting proton from acid. The resonance stabilization of the cations is also reported 9) . It is also reported 10) that one of the amide nitrogen of urea is protonated by acid. On the basis of above facts and experimental results, the mechanism of synthesis of erucamide using fatty acid and urea is proposed as given below:
Where R represents [ (CH 2 ) 11 CH= CH (CH 2 ) 7 CH 3 ]
According to above mechanism, the rate law may be given as, ) and a linear plot between log(acid-value) and time with negative slope at higher concentrations of urea ( ) are in agreement with the proposed mechanism. The first-order dependence of rate with respect to urea at lower concentration of urea is also confirmed by the linearity of (k obs ) versus [Urea] plot ( ) at lower [Urea].
The reaction for synthesis of erucamide from erucic acid and urea may be given as:
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